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IN THE CLAIMS 

Claims 1-30. (Canceled) 



31. (Previously presented) A process for the stereospecific polymerization of an 
alpha-olefin, comprising polymerizing at least one alpha-olefin in the presence of a catalyst 
composition, optionally in the presence of one or more activators, under polymerization conditions, 
wherein the catalyst composition is formed from a mixture which comprises: 
(1 ) a ligand characterized by the following general formula: 




wherein E is either carbon or nitrogen, 

and are substituents on the ring at a position ortho to E, with and are 
independently selected from the group consisting of alkyl, substituted alkyl, cycloalkyl, substituted 
cycloalkyl, aryl, substituted aryl and silyl, but provided that and are not both methyl; 

Q"q represents additional possible substituents on the ring, with q being 1, 2, 3, 4 or 5 and 
Q" being selected from the group consisting of hydrogen, alkyl, substituted alkyl, cycloalkyl, 
substituted cycloalkyl, heteroalkyl, substituted heteroalkyl, heterocycloalkyi, substituted 
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hetercycloalkyl, aryl, substituted aiyl> heteroaryl, substituted heteroaryl, alkoxyl, aryloxyl, silyl, 
boryl, phosphino, amino, thio, seleno* halide, nitro, and combinations thereof; 

T is a bridging group selected group consisting of -CR^R^- and -SiR^R^- with R^ selected 
from the group consisting of hydrogen, alkyl, substituted allcyl, cycloalkyl. substituted cycloalkyl, 
heteroalkyU substituted heteroalkyl, heterocycloalkyl, substituted hetercycloalkyl, aiyl, substituted 
aryl, heteroaryl, substituted heteroaryl, alkoxyl, aryloxyl, silyl, boryl, phosphino, amino, thio, 
seleno, halide, nitro, and combinations thereof; selected from the group consisting of aryl, 
substituted atyl, heteroaryl, and substihited heteroaryl; and provided that R^ is different from R^ 

J" is selected from the group consisting of heteroaryl and substituted heteroaryl; 

(2) a metal precursor compound characterized by the general formula M(L)tt wherein M 
is either hafiuum or zirconium and each L is independently selected from the group consisting of 
halide, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted 
heteroalkyl, heterocycloalkyl, substituted heterocycloalkyli aryl, substituted aryl, heteroaryl, 
substituted heteroaryl, alkoxy, aryloxy, hydroxy, boryl, silyl, amino, amine, hydrido, ally], diene, 
seleno, phosphino, phospbine, caxboxylates, thio, 1,3-dionates, oxalates, carbonates, nitrates, 
sulphates, ediers, thioethers and combinations thereof or optionally two or more L groups are joined 
into a ring stmcture; n is 1, 2, 3, 4, S, or 6; and 

(3) optionally, at least one activator. 

32. (Original) The process of claim 3 1 , wherein said alpha olefin is propylene. 

33. (Previously presented) The process of claim 3 1 , further comprising providing 
a reactor with at least one polymerizable monomer and providing the catalyst composition or 
mixture to said reactor. 
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34. (Original) Isotactic polypropylene produced by polymerization of propylene with 
the aid of a catalyst that comprises Hf or Zr in a solution polymerization process, wherein the 
tacticity index value of the polypropylene does not vary by more than 0.1 when the temperature of 
the solution process is varied &om a temperature below 90°C to a temperature above 100*'C. 

35. (Currently amended) Isotactic polypropylene produced by polymerization of 
propylene with th e w ith the aid of a catalyst that comprises Hf or Zr in a solution polymerization 
process, wherein the melting point of the polypropylene does not vary by more than lO^'C when the 
temperature of the solution process is varied from a temperature below 90^C to a temperature above 
lOO'C, 

36- (Ciurently amended) Isotactic polypropylene produced by polymerization of 
propylene vyith the w ith the aid of a catalyst that comprises Hf or 2^ in a solution polymerization 
process, wherein the temperature of the solution process is at least 1 lO^C and the polypropylene has 
a weight average molecular weight of at least 100,000. 

37. (Original) The isotactic polypropylene of either of claims 34 or 35, wherein said 
solution process is operated at a temperature at or above 1 10**C. 

38. (Previously presented) The isotactic polypropylene of either of claims 34, 3S or 36, 
wherein said catalyst is formed from a composition comprising: 

(1) a ligand characterized by the following general formula: 
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R 



•NH 




wherein is characterized by the general formula: 




E 



wherein E is either carbon or nitrogen, 

and are substituents on the R^ ring at a position ortho to E, with and are 
independently selected from the group consisting of alkyl, substituted alkyl, cycloalkyl, substituted 
cycloalkyl^ aryl, substituted aryl and silyl, but provided that and are not both methyl; 

Q"q represents additional possible substituents on the ring, with q being I, 2, 3, 4 or 5 and 
Q" being selected from the gtx>up consisting of hydrogen, alkyl, substituted aJkyl> cycloalkyl, 
substituted cycloalkyl, heteroalkyl, substituted heteroalkyi, heterocycloalkyl, substituted 
hetercycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, alkoxyl, aryloxyl, silyl, 
boiyl, phosphino, amino, thio, seleno, halide, nitro, and combinations thereof; 

T is a bridging group selected group consisting of -CR^R^- and -SiR^R^- with R^ selected 
from the group consisting of hydrogen, alkyl, substituted alkyi, cycloalkyl, substituted cycloalkyl, 
heteroalkyl, substituted heteroalkyl, heterocycloalkyl, substituted hetercycloalkyl, aryl, substituted 
aryl, heteroaryl, substituted heteroaryl, alkoxyl, aryloxyl, silyl, boiyl, phosphino, amino, thio, 
seleno, halide, nitro, and combinations thereof; R^ selected from the group consisting of aryl, 
substituted aryl, heteroaryl, and substituted heteroaryl; and provided that R^ is different from R^; 

J" is selected from the group consisting of heteroaryl and substituted heteroaryl; 
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(2) a metal precursor compound characterized by the general fonnula M(L)n wherein M 
is either hafnium or zirconium and each L is independently selected from the group consisting of 
halide, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, heteroaUcyl, substituted 
heteroalkyl, heterocycloalky], substituted heterocycloalkyl, aryl, substituted aryl, heteroaryl, 
substituted heteroaryl, alkoxy, aryloxy, hydroxy, boryl, silyl, amino, amine, hydride, allyl, diene, 
seleno, phosphino, phosphine, carboxylates, thio, 1,3-dionates, oxalates, carbonates, nitrates, 
sulphates, ethers, thioethers and combinations thereof or optionally two or more L groups are joined 
into a ring structure; n is 1, 2, 3, 4, 5, or 6; and 

(3) optionally, at least one activator. 

39. (Previously presented) The isotactic polypropylene of either of claims 34, 35 or 36, 
wherein said catalyst is formed fi-om a composition comprising: 
(1) a ligand characterized by the formula: 



wherein each of R"*, R*, R^ and is independently selected from the group consistmg of 
hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted 
heteroalkyl, heterocycloalkyl, substituted hetercycloalkyl, aryl, substituted aryl, heteroaryl, 
substituted heteroaryl, alkoxyl, aiyloxyl, silyl, boryl, phosphino, amino, thio, seleno, halide, nitro, 
and combinations thereof; and optionally, any combination of R^ R^, R^, R^ R^, R* or R^ may be 
joined together in a ring structure; 
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(2) a metal precursor compound characterized by the general formula M(L)n wherein M 
is either hafiiium or zirconium and each L is independently selected from the group consisting of 
halide, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted 
hetcroalkyl, heteiocycloalkyl, substituted heterocycloalkyl, aryl, substituted aryl, heteroaryU 
substituted heteroaryl, alkoxy, aryloxy» hydroxy, boryl, silyl, amino, amine, hydrido, allyl, dienc, 
seleno, phosphino, phosphinet carboxylates, thio, 1,3-dionates, oxalates^ carbonates, nitrates, 
sulphates, ethers, thioethers and combinations thereof or optionally two or more L groups are joined 
into a ring structure; n is 1 , 2, 3, 4, 5, or 6; and 



(3) optionally, at least one activator. 

40. (Previously presented) The isotactic polypropylene of either of claims 34, 35 or 36, 
wherein said catalyst is foimed from a composition of comprising: 
(1 ) a ligand characterized by the general formula: 



such that E is carbon and wherein and Q"* are independently selected from the group 

consisting of hydrogra, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, heteroalk>i, 
substituted heteroalkyl, heterocycloalkyl, substituted hetercycloalkyl, aryl, substituted aryl, 
heteroaryl, substituted heteroaryl, alkoxyl, aryloxyl, silyl, boryl, phosphino, amino, thio, seleno, 
ditro, and combinations thereof, optionally two or more of and Q"* are joined together in a 

ring structure; 




7 



PA(Xt2a6'RCVDAT12/20/2004 4:40:46PM [Eastern 



DEC-20-2004 14=05 SYMYX TECHNOLOGIES INC +1 408 773 4029 P. 13 

Application Serial No. 10/720,380 Docket No. 2000.096DIV7 

PATENT 

(2) a metal precursor compound characterized by the general formula M(L)a wherein M 
is either hafnium or zirconium and each L is independently selected from the group consisting of 
halide, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted 
beteroalkyl, heterocycloalkyl, substituted heterocycloalkyl, aryl, substituted aryl, heteroaryl, 
substituted heteroaryl, alkoxy, aryloxy, hydroxy, beryl, silyl, amino, amine, hydrido, allyl, diene, 
seleno, phosphino, phosphine, carboxylates, thio, l^S-dionates, oxalates, carbonates, nitrates, 
sulphates, ethers, thioethers and combinations thereof or optionally two or more L groups are joined 
into a ring structure; n is 1, 2, 3, 4, 5, or 6; and 

(3) optionally, at least one activator. 

41 . (Previously presented) The isotactic polypropylene of either of claims 34, 3S or 36, 
wherein said catalyst is formed from a composition comprising: 
(1) a ligand characterized by the general formula: 




such that T is -CR*R'- and wherein r'', R", r'^ and R" are each independently selected from the 
gn>iq> consisting of hydrogen, halide. alkyl. substituted alkyl, cycloalkyl, substituted cycloalkyl, 
heteroalkyl, substituted heteroalkyl, heterocycloalkyl, substituted hetercycloalkyl, aiyl, substituted 
aryl, heteroaryl, substituted heteroaryl, alkoxy, aryloxy, silyl, boryl, phosphino, amino, thio, seleno. 
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nitro, and combinations thereof; optionally, two or more R^^, R^^ R^^ and R^^ groups may be joined 
to form a fused ring system having firom 3-50 non-hydrogen atoms; and R'"^ is selected fiom the 
group consisting of hydrogen, alkyl, substituted alkyi, cycloalkyl, substituted cycloalkyl, 
heteroalkyl, substituted heteroalkyl, heterocycloalkyl, substituted hetetcycloalkyl, aryl, substituted 
aryl, heteroaryl, substituted heteroarylt alkoxy, aryloxy, silyl, boryl, phosphino, amino, thio, seleno, 
halide, nitro, and combinations thereof; 

(2) a metal precursor compound characterized by the general formula M(L)n whmin M 
is either hAfhmm or zirconium and each L is independently selected from the group consisting of 
halide, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted 
heteroalkyl, heterocycloalkyl, substituted heterocycloalkyl, aryl, substituted aryl, heteroaryl, 
substituted heteroaryl, alkoxy, aryloxy, hydroxy, boryl, silyl, amino, amine, hydrido, allyl, diene, 
seleno, phosphino, phosphine, caiboxylatcs, thio, 1,3-dionates, oxalates, carbonates, nitrates* 
sulphates, ethers, thioethers and combinations thereof or optionally two or more L groups are joined 
into a ring structure; n is 1, 2, 3, 4, 5, or 6; and 

(3) optionally, at least one activator. 

42. (Previously presented) The isotactic polypropylene of either of claims 34, 35 or 36, 
wherein said catalyst is formed from a composition comprising: 
(1) a ligand of the formula 



9 

PAGE 14/36'RCVDAT1M2im4:40:46PM [Eastern StM^^^ 



DEC-28-2004 14:05 



SYMYX TECHNOLOGIES INC 



+1 408 77Z 



P. 15 



Application Serial No. 10/720^80 



Docket No. 2000-096DIV7 
PATENT 




such that E is caibon and wherein Q^, and Q* are independently selected from the group 
consisting of hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, heteroalkyl. 
substituted heteroalkyl, heterocycloalkyl, substituted hetercycloalkyl, aryl, substituted aryl, 
heteroaryl, substituted heteroaryl, alkoxyl, aryloxyl, $ilyl> boryl, phosphino, amino, thio, seleno, 
nitro, and combinations thereof; optionally two or more of Q^, and are joined togeflier in a 
ring structure; 

(2) a metal precursor compound characterized by die general formula M(L)n wherein M 
is either ha&ium or zirconium and each L is independently selected from the group consisting of 
halide, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted 
heteroalkyl, heterocycloalkyl, substituted heterocycloalkyl, aryl, substituted aryl, heteroaryl, 
substituted heteroaryl, alkoxy, aryloxy, hydroxy, boryl, silyl, amino, amine, hydrido, allyl, diene, 
seleno, pho$phino> phosphine, carboxylates, diio, l^-dionates, oxalates, carbonates, mtratos, 
sulphates, ethers, thioethers and combinations thereof or optionally two or more L groups are joined 
into a ring structure; n is 1, 2, 3, 4, 5, or 6; and 

(3) optionally, at least one activator. 
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43. (Previously presented) The isotactic polypropylene of either of claims 34, 35 or 36, 
wherein said catalyst comprises hafiiium. 

44. (Previoxisly presented) The isotactic polypropylene of either of claims 34, 35 or 36, 
wherein said catalyst is formed from a composition comprising: 

(1) a metal-ligand complex characterized by the following fonnula: 



wherein E is either carbon or nitrogen; 

and are substituents on the ring at a position ortho to E, with and being 
independently selected from the group consisting of alkyl, substituted alkyl, cycloalkyl, substituted 
cycloalkyl, aryl, substituted aryl and silyl, but provided that Q' and are not both methyl; 

Q"q represents additional possible substituents on the ring, with q being 1, 2, 3, 4 or S and 
Q" being selected from the group consisting of hydrogen, alkyl, substituted alkyl, cycloalkyl, 
substituted cycloalkyl, heteroalkyl, substituted heteroalkyl, heterocycloalkyli substituted 
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hctercycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, alkoxyl, aryloxyl, silyl, 
boryl, phosphino, amiao, thio, seleno, balide, nitro, and combinations thereof; 

T is a bridging gioiq> selected group consisting of -CR^R^- and -SiR^R^- with R^ selected 
from the group consisting of hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, 
heteroalkjl, substituted heteroalkyl, heterocycloalkyl, substituted hetercycloalkyl, aryl, substituted 
aryl, heteroaryl, substituted heteroaryl, alkoxyl, aryloxyl, silyl, boryl, phosphino^ amino, thio, 
seleno, halide, nitro, and combinations thereof; selected from the group consisting of ar>4, 
substituted aryl, heteroaryl, and substituted heteroaryl; and provided that R^ is different from R^; 

J" is selected from the group consisting of heteroaiyl and substituted heteroaryl; 

each L is independently selected from the group consisting of halide, alkyl, substituted alkyl, 
cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted heteroalkyl heterocycloalkyl, substituted 
heterocycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, alkoxy, aryloxy, hydroxy, 
boryl, silyl, amino, amine, hydrido, allyl, diene, seleno, phosphino, phosphine, carboxylates, thio, 
1,3-dionates, oxalates, carbonates, nitrates, sulphates, ethers, thioethers and combinations thereof or 
optionally two or more L groups are joined into a ring structure; n is 1, 2, 3, 4, 5, or 6; and x is 1; 

(2) a metal precursor compound characterized by the general formula M(L)a wherein M 
is either hafiuum or zirconium and each L is independentiy selected from the group consisting of 
halide, alkyl, substituted alk)4, cycloalkyl, substituted cycloalkjd, heteroalkyl, substituted 
heteroalkyl, heterocycloalkyl, substituted heterocycloalkyl, aryl, substituted aryl, heteroaryl, 
substituted heteroaryl, alkoxy, aryloxy, hydroxy, boryl, silyl, amino, amine, hydrido, allyl, diene, 
seleno, phosphino, phosphine, carboxylates, thio, 1,3-dionates, oxalates, carbonates, nitrates, 
sulphates, ethers, thioefhers and combinations thereof or optionally two or more L groups are joined 
into a ring structure; n is 1, 2, 3, 4, 5, or 6; and 
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(3) optionally, at least one activator. 

45. (Previoxisly presented) The isotactic polypropylene of either of claims 34, 35 or 36, 
wherein said catalyst is formed from a composition comprising: 
(1) a metal complex having the formula: 



wherein each of R^, R^ and R^ is independently selected from the group consisting of 
hydrogen, alkyi, substituted alkyl, cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted 
heteroalkyl, heterocycloalkyl, substituted hetercycloalkyl^ aryl, substituted aryl, hetcroaryl, 
substituted heteroaryl, alkoxyl, aryloxyl, silyl, boryl, phosphino, amino, thio, seleno, halide, nitro, 
and combinations thereof and optionally, any combination of R^ K\ R^ R* JR^ R^ or R^ may be 
joined together in a ring structure; 

(2) a metal precursor compound characterized by the general formula M(L)n wherein M 
is either hafiiium or zirconium and each L is independently selected from the group consisting of 
halide, alkyl, substituted alkyi, cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted 
heteroalkyl, heterocycloalkyl, substituted heterocycloalkyl, aryl, substituted aryl, heteroaryl, 
substituted heteroaryl, alkoxy, aryloxy, hydroxy, boryl, silyl, amino, amine, hydrido, allyl, diene, 
seleno, phosphino, phosphine, carboxylates, thio, 1,3-dionates, oxalates, carbonates, nitrates. 



r 
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sulphates, ethers, thioetfaers and combinations thereof or optionally two or more L groups are joined 
into a ring structure; n is 1, 2, 3, 4, 5, or 6; and 
(3) optionally, at least one activator. 

46, (Previoxxsly presented) The isotactic polypropylene of either of claims 34, 35 or 36, 
wherein said catalyst is formed from a composition comprising: 
( 1 ) a metal complex having the fonnula: 



such that E is carbon and wherein Q^, Q"^ and Q** are independently selected from the group 
consisting of hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, heteroalkyl, 
substituted heteroalkyl, heterocycloalkyl, substituted hetercycloalkyl, aiyl, substituted aryl, 
heteroaryl, substituted heteroaryl, alkoxyl, aryloxyl, silyl, boryl, phosphino, amino, thio, seleno, 
nitro, and combinations thereof; optionally two or more of Q^, and Q"^ are joined together in a 
ring structure; 

(2) a metal precursor compound characterized by the general formula M(L)n wherein M 
is either hafiiium or zirconium and each L is independently selected from the group consisting of 
halide, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted 
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heteroalkyi, heterocycloalkyl, substituted heterocycloalkyl* aryl, substituted aryl, heteroaryl, 
substituted heteroaryl, alkoxy, aryloxy, hydroxy, boryl, silyl, amino, amine, hydrido, allyl, diene, 
seleno, phosphino, phosphine, carboxylates, thio, 1,3-dionates, oxalates, carbonates, nitrates, 
sulphates, ethers, thioethers and combinations thereof or optionally two or more L groups are joined 
into a ring structure; n is 1 , 2, 3, 4, S, or 6; and 
(3) optionally, at least one activator. 

47. (Previously presented) The isotactic polypropylene of either of claims 34, 35 or 36, 
wherein said catalyst is formed from a composition comprising: 

(1) a metal complex, wherein said complex is characterized by the formula: 



such that T is -CR^R^- and wherein R^^ R*\ R^^ and R^^ are each independently selected from the 
group consisting of hydrogen, halide, alkyi, substituted alkyl, cycloalkyl, substituted cycloalkyl, 
heteroalkyi, substituted heteroalkyi, heterocycloalkyl, substituted hetercycloalkyl, aryl, substihited 
aryl, heteroaryl, substituted heteroaryl, alkoxy, aryloxy, silyl, boryl, phosphino, amino, thio, seleno, 
nitro, and combinations thereof; optionally, two or more R^^ R^\ R^^ and R'^ groups may be joined 
to foim a fiised ring system having from 3-SO non-hydrogen atoms; and 
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R^"* is selected from the group consisting of hydrogen, alkyl, substituted alkyl, cycloalkyl, 
substituted cycloalkyl, heteroalkyl, substituted heterbalkyl, heterocycloalkyl, substituted 
hetercycloalkyl, aryl, substituted aryl, heteroar>l, substituted heteroaryl, alkoxy, aryloxy, sQyl, 
boryl, phosphino, anuno, thio, seleno, halide, nitre, and combinations thereof; 

(2) a metal precursor compound characterized by the general formula M(L)n wherein M 
is either hafhinin or zirconium and each L is independently selected from the group consisting of 
halide, aikyl, substituted alkyl, cycloalkyl. substituted cycloalkyl, heteroalkyl, substituted 
heteroalkyl, heterocycloalk)d, substituted heterocycloalkyl, aryl, substituted aryl, heteroaryl, 
substituted heteroaryl, alkoxy, aryloxy, hydroxy, boryl, silyl, amino, amine, hydrido, allyl, diene, 
seleno, phosphino, phosphinc, carboxylates, thio, l^S-dionates, oxalates, carbonates, nitrates, 
sulphates, ethers, thioetbers and combinations thereof or optionally two or more L groups are joined 
into a ring structure; n is 1, 2, 3, 4, 5, or 6; and 

(3) optionally, at least one activator. 

48. (Previously presented) The isotactic polypropylene of either of claims 34, 35 or 36, 
wherein said catalyst is formed frorri a composition comprising: 

(1) a metal complex, wherein said complex is characterized by the general formula: 
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such that E is carbon and wherein Q^, and Q"* are independently selected from the group 
consisting of hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, heteroalkyl, 
substituted heteroalkyl, heterocycloalkyl, substituted heteicycloalkyi, aryl, substituted axyl, 
heteroaryl, substituted heteroaryl, alkoxyl, aryloxyl, silyl, boryl, phosphino, amino, thio, seleno, 
nitre, and combinations fliereof; optionally two or more of Q^.Q^ andQ^ are joined together in a 
ring structure; 

(2) a metal precursor compound characterized by the general formula M(L)n wherein M 
is either hafiiium or zirconium and each L is independently selected from the group consisting of 
halide, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted 
heteroalkyl, heterocycloalkyl, substituted heterocycloalkyl, aryl, substituted aryl, heteroaryl, 
substituted heteroaryl, alkoxy, aryloxy, hydroxy, boryl, silyl, amino, amine, hydiido, allyl, dicne, 
seleno, phosphino, phosphine, carboxylates, thio, l,3-dionate$, oxalates, carbonates, nitrates, 
sulphates, ethers, thioethers and combinations thereof or optionally two or more L groups are joined 
into a ring structure; n is 1, 2, 3, 4, S, or 6; and 

(3) optionally, at least one activator. 
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49. (Previously presented) The isotactic polypropylene of either of claims 34, 35 or 36, 
wherein said catalyst is formed from a composition comprising: 
(1) a metal complex characterized by the formula: 

/ \ / 

Jill L 

where M is 2irconium or ha&ium; 

wherein is characterized by the general formula: 




wherein E is either carbon or nitrogen, 

and are substituents on the ring at a position ortho to £, with and are 
independently selected from the group consisting of alkyl, substimted alkyl, cycloalkyl, substituted 
cycloalkyI> aiyl, substituted aryl and silyl, but provided that and are not both methyl; 

Q^'q represents additional possible substituents on the ring, with q being 1, 2, 3, 4 or S and 
Q" being selected from the group consisting of hydrogen, alkyl, substituted alkyl, cycloalkyl, 
substituted cycloalkyl, heteroalkyl, substituted heteroalkyl, heterocycloalkyl^ substituted 
hetercycloalkyl, aryl, substituted snyi, heteroaryl, substituted heteroaryl, alkoxyl, aryloxyl, silyl, 
beryl, phosphino, amino, thio, seleno. halide, nitro, and combinations thereof, 
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T is a bridging group selected group consisting of -CR^R^- and -SiR^R^- with R^ selected 
fiwm the group consisting of hydrogen, alkyl, substituted alkyi, cycloalkyl, substituted cycloalkyl, 
heteroalkyi, substituted heteroalkyl, heterocycloalkyl, substituted hetercycloalkyl, aryl, substituted 
aryl, heteroaryl, substituted heteroaiyl, alkoxyl, aryloxjd. silyl, boryl, phosphino, aniano, fliio, 
seleno, halide, nitro, and combinations thereof; R^ selected from the g^ovp consisting of aryl, 
substituted aryl, heteroaryl, and substituted heteroaryl; and provided that R"* is different from R ; 

J" being selected from the group of substituted heteroaryls with 2 atoms bonded to the metal 
M, at least one of those 2 atoms being a heteroatom, and with one atom of J"' is bonded to M via a 
dative bond, the other throu^ a covalent bond; and 

L* and are independently selected from the group consisting of halide. alkyl, substihited 
alkyl, cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted heteroalkyl, heterocycloalkjl, 
substituted heterocycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, alkoxy, 
aryloxy, hydroxy, boryl. silyl, amino, amine, hydrido, allyl, diene. seleno, phosphino, phosphine, 
carboxylateSi thio, 1,3-dionates, oxalates, carbonates, nitrates, sulphates, ethers, thioediers and 
combinations thereof or optionally the two L groups are joined into a ring structure; . 

(2) a metal precursor compound characterized by the general formula M(L)n wlierem M 
is either hafioium or zirconium and each L is independently selected from the group consisting of 
halide, alkyl, substituted alk>i, cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted 
heteroalkyl, heterocycloalkyl, substituted heterocycloalkyl, aryl, substituted aiyl, heteroaiyl, 
substituted heteroaryl, alkoxy, aryloxy, hydroxy, boryl, silyl, amino, amine, hydrido, allyl, diene. 
seleno, phosphino, phosphine, carboxylates, thio, 1,3-dionates, oxalates, carbonates, nitrates, 
sulphates, ethers, thioethers and combinations thereof or optionally two or more L groups are joined 
into a ring structure; n is 1, 2, 3, 4, 5, or 6; and 

(3) optionally, at least one activator. 
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50. (Previously presented) The isotactic polypropylene of either of claims 34, 35 or 36, 
wherein said catalyst is formed &om a composition comprising: 
(1) a metal complex characterized by the formula: 




wherein each of R* , and R^ is independently selected from the group consisting of 
hydrogen, alkyi, substituted alkyl, cycloalkyl, substituted cycloalkyi, hcteroalkyl, substituted 
heteroalkyl, heterocycloalkyl, substituted hetcrcycloalkyl, aryl, substituted aryl, heteroaryl, 
substituted heteroaryl, alkoxyl aryloxyl, silyl, boryl, phosphino, amino, thio, seleno, halide, nitro, 
and combinations thereof and optionally, any combination of K\ R^, R"^, R^ R^, or R^ may be 
joined together in a ring structure; and 

E" is either carbon or nitrogen and is part of a cyclic aryl, substituted aryl, heteroaryl, or 
substituted heteroaryl group; 

(2) a metal precursor compound characterized by the general formula M(L)n wherein M 
is either hafnium or zirconium and each L is indq)endently selected from the group consisting of 
halide, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyi, heteroalkyl, substituted 
heteroalkyl, heterocycloalkyl, substituted heterocycloalkyl, aryl, substituted aryl, heteroaryl, 
substituted heteroaryl, alkoxy, aryloxy, hydroxy, boryl, silyl, amino, amine, hydrido, allyl, diene, 
seleno, phosphino, phosphine, carboxylates, thio, l,3-dionate$, oxalates, carbonates, nitrates, 
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sulphates, ethers, thioethers and combinations thereof or optionally two or more L groups are joined 



into a ring structure; n is 1, 2, 3, 4, 5, or 6; and 



(3) optionally, at least one activator. 

51. (Previously presented) The isotactic polyprop>iene of either of claims 34, 35 or 36, 
wherein said catalyst is fomied firom a composition comprising: 

(1) a metal complex, wherein said complex is characterized by the formula: 



wherein R^°, R'^ R^^ and R^^ are each independently selected fix)m the group consisting of 
hydrogen, halide, alkyl, substituted alkyl, cydoallsyl, substituted cycloalkyl, heteroalkyl, substituted 
heteroalkyl, heterocycloalkyl, substituted hetercycloalkyl, aryl, substituted aryl, heteroaryl, 
substituted heteroaryl, alkoxy, dryloxy, silyl, boryl, phosphino, amino, thio, seleno, nitxo, and 
combinations thereof; optionally, two or more R^^, R^^, R^^ and R^^ groups may be joined to form a 
fused ring system having j&oro 3-50 non-hydrogen atoms; 

(2) a metal precursor compound characterized by the general formula M(L)n wherein M 
is either hafiiium or zirconium and each L is independently selected from the group consisting of 
halide, alkyl* substituted alkyl, cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted 
heteroalkyl, heterocycloalkyl, substituted heterocycloalkyl, aryl, substituted aryl, heteroaryl, 




II 



R< 
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substituted heteroaryl, alkoxy, aryloxy, hydroxy, boryl, silyK amino, amine, hydrido, aliyi, diene, 
seletLO, phosphino, phosphinc, carboxylates, thio, l,3-dionateS5 oxalates, carbonates, nitrates, 
sulphates, ethers, thioethers and combinations thereof or optionally two or more L groups are joined 
into a ring structure; n is 1, 2, 3, 4, 5, or 6; and 
(3) optionally, at least one activator. 

52. (Previously presented) The isotactic polypropylene of either of claims 34, 35 or 36, 
wherein said catalyst is formed from a composition comprising: 

(1) a metal complex, wherein said complex is characterized by the formula: 



wherein Q , Q and Q are independendy selected &om the group consisting of hydrogen, 
alkyl, substituted alkyl, cycloalkyl, substituted cydoalkyl, heteroaIk}i, substituted heteroalkyl, 
heterocycloalkyl, substituted hetcrcycloalkyl, aryl, substituted aryl, heteroaryl, substituted 
heteroaryl, alkoxyl, aryloxyl, silyl, boryl, phosphino, amino, thio, seleno, nitro, and combinations 
thereof^ or optionally, two of Q^, and arc joined together in a ring structure; 

(2) a metal precursor compound characterised by the general formula M(L)n wherein M 
is eith^ hafhium or zirconium and each L is independently selected from the group consisting of 
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halide, alkyl. substituted alkyl, cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted 
heteroalkyl, hcterocydoalkyl, substituted heterocycloalkyl, aryl, substituted aiyl, hetcroaryl, 
substituted heteroaryl, alkoxy, aryloxy, hydroxy, beryl, silyl, amino, amine, hydrido, allyl, diene, 
seleno, phosphino, phosphine, carboxylates, thio» 1,3-dionates, oxalates, carbonates, wtxates, 
sulphates, ethers, thioethers and combinations thereof or optionally two or more L groups are joined 
into a ring structure; n is 1 , 2, 3 , 4, 5, or 6; and 
(3) optionally* at least one activator. 



53- (Original) A process for polymerizing propylene to crystalline polypropylene in a 
solution process, comprising contacting propj^ene monomer with a catalyst comprising a metal- 
ligand complex combined with an activator, combination of activators or activating technique, 
wherein at least one of said activators is a group 13 reagent and said metal-ligand complex is 
characterized by the formula: 




where M is zirconium or hafiiium; 

L\ L^, and L"* are independently selected from the group consisting of halide, alkyl, 
substituted alkyl, cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted heteroalkyl, 
heterocycloalkyl, substituted heterocycloalkyl, aiyl, substituted ar)d, heteroaryl, substituted 
heteroaryl, alkoxy, aryloxy, hydroxy, boryl, silyl, amino, amine, hydrido, allyl, diene, seleno. 
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phosphino, phosphine, carboxylates, thio, 1,3-dionates, oxalates, carbonates, nitrates, sulphates, 
etiiers, thioethers and combinations thereof or optionally two or more L groups are joined into a zing 
structure; 

is selected from the group consisting of 2M fi^h^C^^'l 2-1^-6-1^16-06113-; 2,6-Et2- 
C6H3-; or 2-sec-butyI-6-Et-C6H3-; 

T is a bridging group selected group consisting of -CR^R^- and -SiR^R^- 
R^ is selected from the group consisting of aryl and substituted aryl; 
R\ R\ R^ and R^ are hydrogen; 

either R*^ R", R*^ R"^ are each hydrogen; or one or more of R^^ R", R^^ R^^ are methyl, 
fluoro, trifluoromethyl, methoxy, or dimcthylamino; or R^^ and R'^ are joined to form a benzene 
ring and R^^ and R^^ are each hydrogen; and 

Ri4 is either hydrogen or methyl. 



54. (Original) A process for polymerizing propylene to crystalline polypropylene in a 
solution process, comprising contacting propylene monomer with a catalyst comprising a metal- 
Ugand complex combined with an activator, combination of activators or activating technique, 
wherein at least one of said activators is a group 13 reagent and said metal-Hgand complex is 
characterized by the fomiula: 
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V 



where M is zirconium or hafiiium; 

L' and are independently selected from the group consisting of halide, alkyl, substituted 
alkyl, cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted heteroalkyl, heterocycloalkyl, 
substituted heterocycloalkyl, aryl, substituted aryl, heteroaiyl, substituted heteroaryl, alkoxy, 
aryloxy, hydroxy, boiyl, silyl, amino, amine, hydiido, allyi, diene, seleno» pbosphino, phosphine, 
carboxylates, thio, 1,3-dionates, oxalates, cdrbonates^ nitrates, sulphates, ethers, thioethers and 
combinations tfiereof or optionally the two L groups are joined into a ring structure; 

R' is selected from the group consisting of 2,6(Pr')2-C6H3-; 2-Pr^-6-Me-C6H3S 2,6'Et2-C6H3- 
; or 2-sec-butyl-6-Et-C6H3-; 

T is a bridging group selected group consisting of -CR^R^- and -SiR^R^-; 
is selected from the group consisting of aryl and substituted aryl; 

R^, R"^, R' and R* are hydrogen; and 

either R^^, R^*, R^^ , R^^ are each hydrogen; or one or more of R^^ R^^ R^^ R^^ are methyl, 
fluoro, tdfluoromethyi, methoxy, or dimethylamino; or R^^ and R' ' are joined to form a benzene 
ring and R^^ and R^^ are each hydrogen. 

55. (Previously presented) The process of claim 3 1 , wherein R^ is hydrogen. 
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56. (Previously presented) The process of claim 31, wherein each of R"* , and is 
hydrogen. 

57. (Previously presented) The process of claim 56. wherein R^ is selected from the 
group consisting of benzyl, phenyl, naphthyl, 2-biphenyl, 2-dimefhylaminophenyl, 2- 
methoxyphenyl, anthracenyl, mesityl, 2-pyridyl, 3,5-dimettiylphenyl, o-tolyl, andphenanthrenyl. 

58. (Previously presented) The process of claim 57, wherein and are both 
isopropyl; or both ethyl; or both seo-butyl; or Q' is methyl and is isopropyl; or is ethyl and 

is sec-butyl. 

59. (Previously presented) The process of claim 58, wherein R^^, R^^ R^^, R*^ are each 
hydrogen; or one or more of R^^ R^^, R*^ are methyl, fluoro, trifluoromethyl, methoxy, or 
dimethylamino; or R^^ and R^ ' are joined to fonn a benzene ring and R*^ and R^^ are each hydrogen. 

60. (Previously presented) The process of claim 31, wherein each of R"^ and R^ is 
hydrogen and R^ is either hydrogen or is joined to R^ to form a fused ring system. 

61. (Previously presented) The process of claim 31, wherein R^ is selected from the 
group consisting of benzyl, phenyl, naphthyl, 2-biphenyl, 2-dimethyIaminophenyl, 2- 
methoxyphenyl, anthracenyl, mesityl, 2-pyridyl, 3,5-dimethylphenyl, o-tolyl, and phenanthrenyl. 



26 

PAGE 31/3S'RCVDAT12l20/2(m4:40:46PM [Eastern 



DEC-30-2004 14:09 SYMYX TECHNOLOGIES INC +1 408 773 4029 P.32 

. Application Serial No. 10/720,380 Docket No. 2000-096DIV7 

^ PATENT 

62. (Previously presented) The process of claim 31, wherein and are, 
independently, selected from flie group consisting of -CH2R*^ -CHR'*^R^^ and methyl, provided that 
not both and arc methyl, wh^in R^^ is selected from the group consisting of alkyl, 
substituted alkyl, axyl and substituted aryl; R^^ and R^^ are independently selected ftom the group 
consisting of alkyl, substituted alkyl, aryl and substituted aryl; and optionally R^^ and R^' are joined 

• together in a ring structure having from 3-50 non-hydrogen atoms. 

63. (Previously presented) The process of claim 62, wherein Q^, Q\ and are each 
hydrogen and and are both isopropyl; or both ethyl; or both sec-butyl; or Q* is mediyl and 

is isopropyl; or Q' is ethyl and is sec-butyl 

64. (Previously presented) The process of claim 31, wherein R' or the variables Q\ Q\ 
Q^, Q"* and are chosen so that the R^ moiety is selected from the group consisting of 2,6-(PrV 

^ CeHas 2-Pr*^6-Me-C6H3S 2,6-Et2-C6H3-; and 2-sec-butyl-6-Et-C6H3-. 

65. (Previously presented) The process of claim 65, wherein R^ is aiyl, substituted aiyl, 
heteroaryl or substituted heteroaryl 

66. (Currently amended) The process of claim 65, wherein R^ is selected from the group 
consisting of phenyl, napthyd n aohthvl. mesityl, anthracenyl and phenanthrenyl. 

67. (Currently amended) The ^oess -process of claim 34, wherein R'^ R' \ R'\ R^^, are 
each hydrogen; or one or more of R'^ R^\ R'^ , R^^ are methyl, fluoro, trifluoromethyl, mcthoxy, or 
dimethylamino; or R*® and R" are joined to form a benzene ring and R'^ and R^^ are each hydrogen. 
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68. (Previoixsly presented) The process of claim 32, wherein two or more of R*, R^, R^ 
and are joined to form a fused ring system having from 3-50 non-hydrogen atoms in addition to 
the pyridine ring and/or R^, R^ and R^ are each independently selected from the group consisting of 
alkyl, aryl, halide. alkoxy, aryloxy, amino, and thio. 

69. (Previously presented) The process of claim 34, wherein R^ and R^^ are joined to 
form a ring system having from 5-50 non-hydrogen atoms. 

70. (Currently amended) The process of Claim 54 which fruther comprises 
poljTnorizing propyl e n e in th e pres e nc e of a catalyst that compris e s Hf or Zr in a solution 
pol^Ti^rization prooooQ, ond recovering isotactic polypropylene , wherein the process w hioh is 
characterized b v in that when the temperature of the process is varied from a temperature below 
90°C to a temperature above 100°C. a tacticity index value of the recovered isotactic polypropylene 
which does not vary by more than 0. 1 wh e n th e t e mperatur e of4h e- soliitien - proooGQ io varied from a 
t e mperatur e below 90^C to a t e mp e ratur e abov e lOO^C. and which is charact e riz e d by a melting 
point ^ieh of the recovered isotactic polypropylene does not vary by more than 1 O^C when th e 
temperature of the solution process is vori e d from a temperature below 90^C to o temperature above 
4002G- 

71. (Currently amended) The process of Claim 54 which further comprises 
polymerizing propylene in the prooonoe of a catalyst that compri se s Hf or 2r in a aolution 
polymerization proooag, and recovering isotactic polypropylene havinp a weight average molecular 
weight of at least 100,000. wherein the process w hisb is characterized by I s otactic poly'propylono 
produc e d by polym e rization of propylono with the with th e aid of a catalyst that comprises - Hf ^f - & 
in a solution polym e rization prooooOy whoroin in that the melting point of the polypropylene does 
not vary by more than lO^C when the temperature of the solution process is varied from a 
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temperature below 90^C to a temperature above lOO^'C and tho polypropyl e ne hag a vvoight averog e 
molecular weight of at l e ast 100,OQ Q. 

72, (New) A process for producing isotactic polypropylene comprising polymerizing 
propylene, in the presence of a polymerization catalyst that comprises Hf or Zr, under solution 
I>olymerization process conditions including a temperature of the solution process, and producing a 
polypropylene which is characterized by a tacticity index value which does not vary by more than 
0.1 when the temperature of the solution process is varied from a temperature below 90°C to a 
temperature above lOO^C. 

73. (New) A polymerization process for producing isotactic polypropylene, comprising 
polymerizing propylene, in the presence of a catalyst diat comprises Hf or Zr, under solution 
polymerization process conditions including a temperature of the solution process, and producing 
polypropylene which is characterized by a melting point which does not vary by more than 10**C 
when the temperature of the solution process is varied from a temperature below 90^C to a 
temperature above lOO^C. 

74, (New) A process for producing isotactic polypropylene comprising polymerizing 
propylene, in the presence of a catalyst that comprises Hf or Zr, under solution polymerization 
process conditions including a temperature of at lea^t 1 10°C and producing polypropylene which 
has a weight average molecular weight of at least 1 00|000. 

75. (New) A process for producing isotactic polypropylene of either of claims 34 or 35, 
wherein said solution process is operated at a temperature at or above 1 lO^C. 
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